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HARPER-DORN CREEP
OF |
METALS AT Hmn TEMPERATURES
F. A. Mohamed, K. L. Murty and J. W. Morris, Jr.
Department of Materials Science and. Englneerlng
University of California, Berkeley and
Inorganlc,Materlals Research Division,
Lawrence Berkeley Laboratory
ABSTRACT

This paper reports the current status of research on Harper—Dorn
creep: ‘a type of v1scous deformat1on found in some metals and alloys
at high temperature and low stress, and characterlzed by a straln‘
rate Wthh is 11nearly dependent on applled stress, apparently 1nde—
pendent of graln size, and several orders of magnltude above the
straln'rate'obtalnable from diffusional processes in large-grained
" samples. The'experimental evidence supportingiﬁarper-Dorn creep
I1n pure aluminum is summarized, along with data 1nd1cat1ng the occur-
ence of Harper—Dorn creep in other- materlals. Avallable mlcrostructural
evidence on the mechanlsm of Harper—Dorn.creep is rev1ewed this
type of creep is apparently due to the motlon of dislocations. " While
~the detalls of the process are unknown; avallable.data may be plaus1bly
1nterpreted as due to climb of 'saturated! dlsiocatlons Simple |
Harper-Dorn creep behav1or dlsappears when the applled stress exceeds :»

a critical value or when sample graln size becomes-suff1c1ently small.
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1. INTRODUCTION

Harper-Dorn creep refers to the anomalous creepsbehavior fifst
observed by.Harper.and Dornl’ 2 in their studies‘outthe steadybstate
creep of pure aluminum at very low?Stfesses and temperature'hear.the

:
,melting'point. The new creep behavior was manlfested by several
‘characteristics,- The most important of these-are (l) the creep )
rate is linearly proportional to applied stress; (2) thevactiVa-
tion energy fcr creep'is'nearly'equal to that for'self,diffusion;
(3)( single crystals exh1b1t almost the same creep ‘rate as poly-
: crystals . The first -and second cﬁaracterlstlcs suggested that such
a creep behav1or might be ascribed to the Nabarro—Herr1ng creep-
mechan{sm 3, b Howeversrthe third observatlon was incompatible with
the Nabarso—Herring model, since that,model predicts negligible creep
rate fcr s1ngle crystals ‘ |

While the results of Harper and Dorn are well dccumented .their
studies were conflned to a- 51ngle alloy, sample geometry, and test.
technlque. This ralseS'the questlon of whether Harper—Dornrcreep
: ls,a significant.new mechanism of‘creep,icr perhaps an experimeutal ,
or material ancmaly. Receut research has hence_cohcentrated in'fourv
areas: ‘(1) the reproducibility of the Hafper-Dofn data when-sample
geometry and test'technlquesiare varied; (2) the existence of Harpér-
Doru creep in other metals and alloys; (3) the.uechanism cf Harper-
Dorn cfeep; (M)_ the range of ccnditions over‘which Harper-Dcrn creep

should be observed. We discuss these research areas in turn.
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2. HARPER-DORN CREEP IN PURE ATUMINUM
Harper;born creep was3firet.observed in pure aluminum by:Herper

end‘Dornl,e_and Harper, Shepard and'Dofn2, who tested thin;platelets
of both single aud polycrystalline aluminum.in tensioh.‘.The thick-
ness (t) of their platelet‘specimeus was apﬁroximetely-2.5 mm,‘aud
the mean gfain’diameter (a) of their tolycrystalline specimens was
approximately 3 mn. .Although the creepidéta_gave the stress‘ex-.
ponentbn‘=.l; and'thevactivation energy for creeé'was nearly equel'to
 that for self diffusion, the measured‘creepvrate uas mcre than three
ordeniof magnitude greater than predictedfby'tﬁe Nebarro-Herting *

model for.the grain size.employed. Moreover, seuefel auxiiiafy'
observations, includingtthe'observation of almost the sametcreep rate
in evsingle crystal,'tue_uhifOrmity of straiu inside.the grain es:weli o
as across'the brain'bounder& (marker_e#periment), aud'the abpearance

of primafy creep,‘Were.iannsiSteht Qitu the chafacteristicsvof
.Nabafro-Herring ereep.' fhe.results’of Harper and Dorn have:been
recently confirmed-in'two'distinct investigatious; _The fifst Ves
conducted by Barrett, Muehlelsen and le5, 6 who'tested'bulk tehSiie .;:
specimen of both single and polycrystelline (dmid;mm) alumiuumiin
tension In the second 1nvest1gatlon, conducted by Mohamed Murty

T

and Morrls bulk double shear spec1mens of both 81ngle and polycry—
stalline (d@9 mm) -aluminum were tested in pure shear.

The aggregate results of theee three investdéetions'are shown.iu
Flg l where a non- d1mens1onal shear strain rate (1__) 1s plotted
against a non—dimen ional shear stress 1/G on log sggze The symbols :
appearlng in these parameters are: ‘Y, the shear straln-rate k Boltz—“

man's constant; T, the absolute temperature; D, the .self diffusion

coefficientg G, the shear modulus;_b, the magnitude of the‘Burgers
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‘vector of a simple dislocation in fcc aluminum lattice; and 1, the
effective shear stress. To obtain this plot the tensile data of

5, 6

Harper and Dornl’ 2 and Muehlelsen et al were transformed to

shear data using the relations
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where ¢ is the tensile strain rate and o is the tensile stress.
The self-diffusivity D wasvcomputed from the relation D = O 45
exp.(-33,OOO/RT)(8),' The value, 0> appearing in the second of these.
relations ie a eorrection term.Harper and Dorn found necessary to
accouhtlfor an aptarent back stress presumably due to surface effects
in thin platelet samples. Since the other'two investigations used
bulk samples, no correction term is necessary; the data extrapolate ‘
naturally to zero strain rate at zero applied stress. |

The data of Flg 1 divide 1nto two regions. The high'stress
Areglon,labelled IT in the figure, shows the characterlstlc creep

behav1or generally attrlbuted to cllmb domlnated dlslocatlon processes.

The strain rate in this region is given by the power law
122-= A‘- 1/G n
. (t/G) (2]
where the stress exponent n is approx1mately h 5, as found in several

15

independent investigations.”” - The low stress reglon labelled I in
Fig. 1, is the domain of Harper-Dorn creep. The data for this ereep
behavior are well represented'by a linear relation ' - R

L 4 (x/e) B &)

G A=10
where A is a dimensionless constant approximately equal to ~ lO» .
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The scatter about the creep curve in Flg l ig due pr1nc1pally to

a small consistent deviation between the results of Barrett, et al 5, 6

and those of the other two studles. The data.also-scatter somewhat
near the knee of the curve where the mechanism of_creep is changing.

Despite the difference in the kind af specimen used (tensile or

shear), the type of stressing (tension or pure shear), and grain size

of polycrystalline specimehs, the egreement between'these three dis-
~tinet investigations is excelleht. For comparison,_Fig. 1 also:
contains &g plot of the creep rate predicted from the Nabarro-
Herring35 b model for the graiu size (9 mm) used in tests by Mohamed,
Murty and Morris,T NabarrofHerring creep obeys.e_lihear relation of

the form

mor@tee

where B 1s a d1mens1onless constant expected to be about 1h As can'

be seen from the Fig. l the predlcted rate of Nabarro—Herrlng creep

‘is roughly threeorders ofmagnltude below the . experlmental creep rates.f

' Our conclus1on from this extensive work on alumlnum is that the ex1s— '

‘tence of Harper;Dorn creep in pure alumlnum is well establlshed ex- h
.perlmentally. v
3. EVIDENCE FOR HARPER-DORN CREEP IN OTHER METALS AND ALLOYS

The first clear evidencehfor Hérper—Dorh creep in a material
other than pure aiuminum wes found by Zilinglovin studies of the
creep of silver foils under low stress. The curve through his data
is piotted (in our representatlon) sn Fig. 2. The data were taken'
at a single temperature, 950 C, on folls hev1ng thicknesS‘N6Ou

and grain_diameters v200u. The creep rates found in region I of this

t




curve are, in féct, comparéble to those prediCted'from the_Nabarro; ;
Herring model for this grain size. However, Ziling obtained direct
measurements of grain elphgation during creep;‘using'both marker and,'
surface interferometric techniques, and concluded tha£vgrain elonga-
tion can account'for no mdre.than 3Q% of the total deformation. Thé~
remainder must, he conclﬁdes, be attfibuted to deformation in the
interior of grains,.presumably through creep of the Harper—Dorn type.
As can be seen from Fig. 2, the dimensionleés creep fates Ofvthése
specimens are close to those observed in Harper—Dbrn éreep of aluminum.

More recéntly evideﬁce for Harper-Dorn creep has beeh fdund ih
an aluminum-magneSium alloy, pure lead, and pure tin. 'Murty,'Moﬁamed,
and Dorn9 sfudied the creep éf Ai—3%Mg. Double-shear spécimens of
this alloy having & mean grain size of approximately 3 mm were»tésted
over a ?ange of temperaﬁures near the melting point and str¢SSes to
spproximately 10—6G. The'experiméntal results are shown schematicall&
in Fig. 2. They feveal a change in creep behavior at T v 10-5G.
Below fhis transitional stress the strain rate depends liﬁearly'on
the stress and the activation energy for‘creeb apbroximates ﬁhét”for ,
self—diffﬁsion. The creep rates obéerved‘iﬁ région I are more than:.
two orders of magnitude above those predicted on fhe basisydfithe
Nabérro—Herring model (Table I). Moreover, normal pfimaryvcréép is
eyident in tests conducted within region I. These results, coupied
with the observation thgt_the observéd dimensionless creep ratesvinA
region I are reasonably élose to those found fér pure aluminum, leadA
to fhe conclusion that Harper-Dorn creep is dominant in A1-3%Mg at
low stress. |

More recently, low stress, high,temperatﬁre creep studies hafé

been conducted on lead and tin.7 These two metals were chosen because
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of their'low-melting-points,(allowing éood temperature cbntrol in
tests at temperatures nedr the melting point) and their_differing
| crystal structures (lead_is face-centered cubic, tin is body céntered"f;
tetragonal). The results of‘thesé tests are similar to those obtained
in the’étudieé.of‘Al and Alf3% MgQ'”Tests/over a range of témpefatures '
and stresses‘yield'composite cfeep curvés (shown in>Fig. 2) which
_diﬁide into two distinet rggions separated by‘aAknee.
| “In the case of lead, creep béhavior_in region II obeys a relétioﬁ
of the form_[2] with stresé e*ponent.(n) equai to approximatel& 4.9,
creep behaﬁior in region I obeys a iinear'relation between.étfess'ahd
strain rate (Table I). The gctiVation energy for éreép in both
regions.isvapproximately the activationAenergy'fof self-diffu§ion}
- The creep rateé-in regi§h~I lie considersably ébove those . predicted
from the ﬁabarro-Herring model for the.grain-sizev(l.s mm) of the
lead samples used (Table I), but are within a factor of aboutithree:
of the‘dimensionless éreep rates found in ﬁhe'Harper-Dorn‘regioh of-"
pure aluminﬁm. In‘additiOn,-lead undefgoeé én'appreqiable primary
éreep.at all Strésses :uged;7 ,. |
The.creep’behévior qf tin is qualiﬁatiVely similar tq that of'lgad"_
_though;its stress exponent in region Ii is cbnsidefébly larger,
mé6.6 as é6mpareq to k.9 for 1ead (Table i); The creepbcﬁrve of tin
(Fig. 2) again shows a "knee" at Tt & iO-SG, Y N;ld-ls (ﬁGb/kT)_ahd'a
low stress region I obeying a nearly lihear relation between'stfess
and strain—rafe. The activation energy for créep in regioh II agrees
well with the self—diffusivity of tin(7) (which is ﬁeasured as a
phenomenological average befween the ldngitudinaivahd transversé' 
diffusivities of the anisotropic BCT tin lattice). "The activation
r'energy for creep in region I is assuﬁed to be‘the same, but has not

been checked since the very low absolute Strain rates in region I
' I ' ‘ N Sl
{ T
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of tin have restricted measurements to T > 0;98Tm;'g3vihg an insuffi~
cient temperature range to determine valid activationlenergiee.v The |
strain rates obtained in regioﬁ I for tin are uniformly mere than-fwo
orders of magnitude above the Nabarro—Herrlﬁg predlctlon for the'
grain size (2 mm) of the samples used but are very close to the'
(non-dimensional) strain rates obtained in Harper-Dorn creep of-
alﬁminum. Nermal primary creep is observed at eil'sfresses ﬁsed.

Hence there is now persuasive evidence'for Harper—Dorn creep
in four materials other than pure aluminum: Al 3Mg, silver, lead and
tin. .To make this evidence definitive one should demonstrate that
the strain rates in region I of these materials are strictly inde—_
pendent of grein size. Previous ﬁork indicates this lack of depene
dence, since smali variations inrmean grain sizefffom samﬁle to
sample heve no apparent effeetvonvthe creep rates obtained. AttemptS<
' to gather more deflnltlve data have been compllcated by sample pre—
paration problems and by recrystalllzatlon problems 1n high- tempera- .
ture tests on very large gralned samples of lead and tin.

The apparent success in finding Harper-Dorn creep in. other
materlals suggests that Harper—Dorn creep may be an 1mportant general
' mechanlsmvof creep at high temperature and low stress; However,
not all attempts to‘find Harper-Dorn creep behavipr have beeh suceesg_
fﬁl. Muehleisen5 saw no evidence of Harper-Dorn creeprin studiesAof'
vthe cfeep of compressive specimens ef copper at 1owAstress. ‘His
measurements extended down to stresses t &'5.10_6G and non—dimeﬁéidnei:‘
strain-rate %g%'& 10-16. As can be seen from Flg‘ 2, thle rangerf
condltlons extends slightly into the range of apparent Harper-Dofn

creep in other materials. Pines and Slrenkol} may have observed Harper-

Dorn creep in copper at t 5 x 10_6G, but thefeﬁidence is hot clear.
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4. THE MECHANISM OF HARPER-DORN CREEP
The availablé evidénce does not require that tﬁere"be a_singlé‘

mechanism of Harper-Dorn creep; there may bé several. However, the
available data may be plausibly explained as ‘due to creep via ciimb._
éf "saturated" dislocations;'One'of two mechanisms suggested by |
Friéde112>as natural modifications of the-Naﬁarro—Herring.mechanism

in a dislocafed crystal. - Other candidate mechanisms haﬁé been
suggested. Thése require more restrictive éssumpﬁions'and are hence
iess appealing hypotheses. -

| The body of availﬁble microstructural evidenée, whiéh is unfortu-
nﬁtely'd;awn almost entirely from research on pufe-aluminum,'indicates 
fhat Harper-Dorn creep is dislocation—dominatéd-and gharacterizéd by

a low density of disloéations dispersed through rather lafge subgrains. -
Evidence for'a dislocatioﬁ;dominated'mechahismvwas noted in the original
vwork of Harper and Dornl and Harper, Shepard andvDorn;Q This evidence
includes the observation of strain-recovery following Creeb,vthe
measurement of strains within individual grains c@mparable tQ thoée
»acrdss.gfain boundaries, &and thé'occurance of extensive prim'a..ry‘c.r{ee.pf

5

More recent work by Muehleiéen and by Barrett, Muehleisen,-and-Nix6
established subgrain formation during Harper-Dorn creep of aluminum
and showed that the rate of Harper-Dorn creep can be significantly

F

sFe)
through the microstructufe, Zilinglo concludéd that 70-90% of the

reduced by distributing a fine precipitate (in this case Al

total strain he observed during low-stress creep of silver was due
to dislocation motion in the interior of grains.
Available evidence indicates that the dislocation density (p)

during Harper-Dorn creep of aluminum is low‘(<'10h cm_g) and ihdependent

DI LU

Y U

. -
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_of the applied stress. This result was obtained both by‘MuehleisenS‘

‘from etch pit counts, ahd by.Nost énd Ne§l3; who used i—ray topo- .
graphic techniqués. The data are plotted in- Flg 3 as the dlmen31on-l
less parameter /;b.' The ev1dence on subgraln formatlon is less de- .v~~
finitive. Harper,‘Shepard and Dorn2_d1d not observe subgralns? prob-
- ably because of sample handling teohhique'(J.‘E. Dofnf'prioatoiv |
communication). Muehleisensvhoted Subgrainé”and obtoined daté‘onv'
the variation of subgrain size with applied stress. Thé stfoss'data
are embiguous (compare refs. 5 and 6); however, the suograins are
1arge, having diameters:invthe rangé l—3 millimeters. _The dislocations'
are distfibuted genorally through these sﬁbgrains. leinglo studied
‘etched surfaces of silver deformed in Harper-Dorn ofeep. While he
does not report dislocation densities, his”published‘micfograph;
shows a low,'rother uniform dispersion of dislocations..
These‘obserQationsvaré in good agreeﬁént with a creép mechanism
dominated by cllmb of dislocations under ‘satufated"'cohdifions,..
‘that 1s, when the dlslocotlon veloc1ty due to cllmb is controlled A
by the rate at;whlch vacancies can dlffuse to (or from) the dlslo-
cation line. The conolstency of thls mechanlsm w1th the experlmental
dofa may be summarized'as follows. (1) The straln rate due to ‘
oreep ot low stress is given, acoording.to Hirth and Lothé,ih'by .
an equation which may'be_rewritten in the form-of thé'governing

equation [3] of Harper-Dorn creep with

hp = = ). 18]

_Given p 2 101’l em™ and b = 2{86lx»10_8 em for aluminum we compute

AHD'= 1.207 x 10_11, inreasonableagreement with the exporimentél'

value, AHD = ~ 10730, (2) At low stress tlie activation enefgy_:l.

for creep via this mechanism is the activation enefgy for self
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diffusion. (3) The mechanism is dislocation—dominaﬁed. Its rate
should be markedly decreased if a,fine_precipitéte is dispersed
through thé métrix. (4) The réte of creep via this mechanism will:
. be indepeﬁdent of grain sizeAfor large‘grain sizes. (5) The low

v dislocation densities observed during Harper-Dorn creep are suffi-

qient to séturate any dislocation which contains a preponderance
of jogs of one type (vacancy-absorbing or vacéncy-emitting). Ffiedellg é
predicts saturation for dislocafion densities o) 2 105 cm—e. |

Severél-other'suggested meéhanisms of Harpef—Dorn creep also
show promising agreement with the experimental déta, fthough they
giveiless appealing models. - These include creep.through glidé of
jogged»screw dislocations, creep through uhsatﬁrated climb of Jjogged
edge dislocations, and.creeﬁ of the Nabarro-Herring type within
subgrains.

Creep through the glide of jogged screw dislocations Wés thé
mechanism féyored by Harper, Shepard and Dofn.2 ABy modifying the
equatidn resulting-from more recent studies, as given by Hirth énd
Lothjfywe bbtain an equation of the form [3]'withv

Ay, = 121020, R (61

vhere X is the spacing between jogs. Equation [6] givés a creep‘

rate of the order observed if A ~ b, aniextremely high Jog density.

If these jogs are of the same type, as suggested in earlier work

by.the‘preseﬁt authors5 , the dislocation will certainly saturate. - y
If the jogs are of opposite type they will tend to anﬁihilate by

climb, and will lead to an ovérall activation energy for creep which
is expectedlh to show the effects of core diffusion. In any case ‘ ' !

such 'high jog densities seem inconsistent with the assumptions’of the

model leading to equation [6].

n



Creep through the climb of jogged edge dislocations.is governed

bylh an equation of the form [3] with

JE

A =12npb3/x S - m
. equation [7] predicts a creep rate near fhgt obéerved if AN 20b,
which ié foughlj the magnitude expéqted for‘théfmal_jogétin-aiuﬁinum
near the melting pbint.5 However, the assumption of a lafée p§pu—'
lation of_nearly straightfedgé dislocations'near'the'melting point
is difficult to accept, and égain a dislocation:confaining a jbg
density is low. If the dislocation did not saturate one ﬁouid expeéﬁ;
core diffusion to influenée the éctivatioh energy‘férvcreep,vi# : |
apparentvéonflict with thé experimental data. |

. Frieael12 originally favored’a Nabarro-Herring mechaﬁism'aéting
across subgrainS‘as the mechanism of HarpérfDor£ ¢reep; VThis mechaﬁism"
obeys an equation of the form [4] with the parametefud equai,td the
méan subgfain_Size. As sevefél authors have pdinted_outs’.9, the
iarge subgrain §ize obéérved during'Harper-Dorﬁ_creep of alumingml
cause thevCreep rate_prédicted.by this mechahism'to fall well'belowl
' that.aCtually observed,‘ MOreoVef;:the subgrain?size in aluminum -
‘either decreases with aﬁplied stfess6'or at leasf shéwsvapﬁreéiablé"
scatter over fhe domain of Harpe?-Dérn creep.5 This variatioﬁ'would
indﬁce a'scatfervin measured creep rafe Considerably greater tgan‘
that ébserVed expefimentaily. |

Finaily; Barrett; Mﬁehléiséh,'and>Nix6 have recehtly suggesﬁea,

a model based 6n a balancé bétween}thé generation and anpihilatibn1;~
. of gliding'diélocations. The model is ihtriguing; bﬁt is th,ye£j

sufficiently developed for criticism.
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5. THE DOMAIN OF HARPER-DORN CREEP B

Harper-Dorn créep is limitéd‘to strésses and strain rateg below
the knee of the materiai creep cufve,. In the absence of established
' creep mechanisms the position of this knee cannot Be predicted.
ﬁowever, if we speculate that ihis-Knee is due to a dhgngédin_disf

location denSity:from.the.low, constantrvalue'found in region I

7

to the high; inCreaSingvvalﬁes (patz) found in fegion_IIl_, two
interesting correlatibns-may'be drawn. First, iet the'chénge}in
dislocatiqn density be due té activation of-dislocétion sburées a& ’
a critical value of the applied stress, (T/G)éf Let these sources, 
‘be nodes in;the_array ofvdispersed disloqations,bhaving an;exﬁectéd
épacing (p)*lla, the characteristiéllength ofifhé.érray;v Then dis-
location ﬁultiplication by the bow—out_mgchanisﬁlz.gives

(“/6), 2 2/p >, (8]

or 5;6 x'lo-s fér aluminum héfing_p v loycm*2,rvéfy c}osé to.the;
value observed;v Alﬁétnatively, lgt the tbtél’dislﬁéafionfdensity
be the.sﬁm of a residual'density'po NIthcm-zfand a stress;depehdeht:A
density'which-increasés gécbrdingvto the relation |

| ot B2 (i e
where'aﬁis é constaht of order 1.0, aé observed in the érégf-of

17

several metals at higher stress. We have plotted equation [9]
for three valueé pf_the parameter a in‘Fig.:3. Thé eitrapolated"
curves intersect the measured disloéation denéiﬁy for aluminum'aﬁ
stresses near ﬁhe.knee of the creep cﬁrvé. |

Recent data indicateé that HarperfDorn creep is alsp iimited :
| 15 - '

by sample grain size. Burton ~ studied the 1ow;stré3s, high tempefa-

ture creep of fine-grained aluminum foils. He measured creep rates
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which may be sho\m16 to obey an equation of the form [4] of the

governing equatlon of Nabarro-Herrlng creep w1th B " 130 Hls data

are plotted together with the creep curve for large-gralned alumlnum
in Flg. 4. The measured creep rates are uniformly‘higner than’those
observed in Harper-Dorn creep of bulk aluminum.v ) |
Thisveffectdof small grein‘size is‘anticipsted on'fhe basis of
any one of the_candidate mechanisns discussed'in section k. ' These

competing mechanisms may increase the rate of Nabarro-Herring creep

at small grein size by providing vecancy sources and sinks which

decrease the effective diffusion distance, but they cannot decrease

the Nabarro-Herring creep rate. Since the rate of Nabarro-Herring
creep increases with d~2,'where d is grain size, one must anticipate

a value of d, d s below which a'creep‘of the Nabarro-Herring type is -

. observed. Reasonlng from Burton's data, d 4" 6h0u 1n aluminum. The

creep rates measured by Burton on flne grained samples are above
those predlcted from the Nabarro-Herrlng relation by a factor. of
about 6. This dlscrepancy may be due to the approx1mat10ns of the
model, or may show the influence of dlslocatlons‘ln thellnterior of
the érains,
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TABLE CAPTIONS

Values of (A) and (N) obtained from the least squares

a.nalyses ‘of creep data for 'ma.térigils which shbw"apparent
Hari)er—DOrri creep. The .vé.lue's predicted on the assump-

.tion of Nabarro-Herring creep are included.
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FIGURE CAPTIONS.

Data of three invesfigatiéhs of the lowéstress, high

temperature creep of coarse-grained aluminum. .

Data on creep of tin, lead, aluminum - 3% maghesium

and;silvéf compared to creep behavior of aluminum.

Diffusivity date are from Ref: Al (8), Sn(18), Pb(19), =

Al-37Mg(9) and Ag(20).
Stress dependence of disloéation density.
The data of Burton on the creep of finé—grainéd»

foils of aluminum in vacuum (data.points) compgred to

creep behavior of aluminum in bulk samples (solid line).

The value of the self-diffusivity, D, is taken from the

relation proposed by Burton.15
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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